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1.0 INTRODUCTION

M

Feature testing of an air conveyance system was one of several tests
called for by the Sing7e-She11 Tank Waste Feature Test Plan (Thompson, 1990).
The feature testing was conducted August 15-22, 1990, at the Fuels and
Materials Examination Facility, 427 Building,in the 400 Area of the Hanford
Site. Remote Systems Engineering conducted the testing with the assistance
of the Facilities Operations Group.

The objective of this test was to evaluate an "off-the-shelf" air
conveyance system as a method of waste retrieval. The equipment will test
an air conveyance system's ability to lift a sludge simulant up to a 60 ft
elevation difference, and determine the plugging characteristic of the
simulant in the hose runs. The testing program will not optimize any
parameters, but will evaluate the technologies abilities to convey sludge
simulant.

2.0 DESCRIPTION TEST

r.•

..,1

The unit tested is a production model portable pneumatic conveying
system with the following specifications:

Brand Name: Hi-Vac Corporationi

Model: 240, LP Hi-Vac

Approx. Dim's: Length Width

6 ft.- 2 in. 6 ft.- 2 in
(1880 mm) (1880 mm)

Hei g ht

9 ft.- 1 in.
(2768 mm)

Approx. Weight: 6,100 lbs. (2766 Kg.)

Hopper Capacity: 1- 1/2 cu. yd.

Rated Vacuum Pressure: 18 in. Hg

Air Flow: 812 CFM at 4 - 1/2 in. Hg (static)
646 CFM at 18 in. Hg (Theatrical)

GENERAL DESCRIPTION: The model 240 is an efficient, heavy duty, dust free
industrial pneumatic conveying system designed for in-plant use and consists
of a power module, material collection hopper, filtration system and
propulsion system (see Figure 1).

1. Trademark of the Hi-Vac Corporation, Marietta, Ohio

3
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Figure 1. Typical Hi-Vac Vacuum Loader System.
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3.0 TEST METHOD AND TEST EQUIPMENT

The testing program was divided into thr^e sections, or tests, using a
sludge simulant with a density of 100 lbs/ft (Wong, 1990). The composition
of the simulant is as follows:

13.5 weight percent bentonite clay (200 mesh)
32.4 weight percent barium sulfate (400 mesh)
54.1 weight percent water

The bulk density is 1.6 g/ml and the viscosity is 1.7 x 106 cp.

3.1 TEST #1

This test was designed to convey the simulant 42.5 vertical ft. The
vacuum loader was located at the upper elevation and the simulant at the floor
level. The hose was straight with little or no bends. Conveying
measurements were determined by drum volume and observation.

3.2 TEST #2
r•

This test was designed to convey the simulant 60 vertical ft and 40
horizontal ft. The vacuum loader was located at the upper elevation with
the simulant at the floor level. The first section of hose ran60 ft vertical
with no bends. The second section of hose ran horizontal 40 ft with a 180°
return. the horizontal hose run was located at the upper elevation.
Conveying measurements were determined by drum volume and observation.

° 3.3 TEST #3

This test was divided into two parts test 3A and 38.

3.3.1 Test #3A

This test was designed to convey simulant in the horizontal plane which
was determined to be the worst case. The vacuum loader and the hose run of
50 ft were on the same elevation with numerous bends and loops in the hose.

3.3.2 Test #38

This test was designed essentially the same as test 3A with an additional
50 ft of hose with more loops and bends.

5
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4.0 TEST RESULTS

4.1 TEST #1

Test conditions: Elevation = 42 ft.-6 in., Hose length = 50 ft. The
test setup was with an elevation difference of 42 ft-6 in. The air
conveyance equipment was placed at the top elevation with the simulant at
the lower elevation. The conveyance hose was 50 ft long with a 5 ft pick-up
nozzle attached.

The feed nozzle that was supplied by the factory with this equipment
had an air-bleed adjustment. The factory representative's instructions were
to start with a wide open adjustment and then close down the air bleed until
you obtained the optimum conveying rate with the equipment. He made these
recommendations because of the unknown conveying characteristics of the
simulant. With the air bleed wide open, the simulant conveyed in chunks or
slugs. The feed nozzle had to push into the simulant to pack a slug into
the pick-up, it was then necessary to pull the feed nozzle out of the simulant
to allow the slug to be conveyed. This process was continued until the
proper air bleed adjustment was determined. This required approximately 1/4
drum to be conveyed.

The hose was inspected and found to have approximately 1/4 in. of
+.^ material coating the hose walls. It was necessary to convey water

intermittently to keep the material from building up on the hose walls during
the air-bleed adjustment phase. When approximately 2/3 of the drum had been
conveyed the hose plugged and the vacuum breaker on the equipment opened
indicating that the system had reached 18 in. Hg vacuum. The system was
shut down and the hose was unplugged using a long pipe to restore an air flow.

The equipment was restarted and water was conveyed to completely clear
the hose. At this point a decision was made to install a water injection
system to the feed nozzle. This system was field fabricated using a 5/8 in.
garden hose ( approximate system pressure 65 psi) feeding a 1/4 in. ball
valve and 4 ft of 1.4 in. nylon tubing, this was feed into a "U" shaped tube
that was fitted into the inlet of the feed nozzle.

The final 1/3 drum was conveyed without any problems. The water injection
system did not improve the feed rate but did dramatically reduce the amount
of material stuck on the hose walls. See Figure 2.

NOTE: At the end of test 1 there was a malfunction of the vacuum loader
equipment that required a call to the factory for assistance. The problem
was discussed with the factory and a plan to fix the equipment was agreed
upon. The problem was with a defective filter pressure differential switch
that would not allow the blower to run. The factory directed solution was
to bypass the faulty switch. The equipment was restarted and functioned
normally.
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4.2 TEST #2

Test conditions: Elevation = 60 ft - 0 in., Hose length = 100 ft. Water
injection system was utilized. The test setup was as follows, the simulant
was located at the lower elevation and the vacuum loader located at the
upper elevation. The first section of hose went 60 ft vertically. Then
the hose was laid over a railing with a 180° bend and dropped 3 ft to the
floor. The hose continued horizontally on the floor for 20 ft with a 180°
return and ran an additional 20 ft back to the equipment where it made an
90" turn up for an additional 5 ft of elevation to the suction connection
of the vacuum loader.

The simulant conveyed as before in large chunks. One half of a drum was
conveyed in a 20 minute period. Much of the conveying time was spent
maneuvering the very heavy hose. During conveyance the vacuum climbed

r• steadily, see Figure 1. This was an indication that the hose was plugging.
When the vacuum reached 17 in. Hg the conveying was terminated. It was
determined that if conveying were continued that the hose would have plugged
in a very short time. Upon inspection of the hoses it appears that the
material easily made the 60 ft elevation with minimal build-up on the hose

^., walls. At the transition from vertical to horizontal the hose was very
heavy indicating that there was a lot of material held up at this location.
Visual inspection of the hose and hopper confirmed that only approximately 2
of the 15 gallons of material conveyed reached the hopper and the remainder
was held up in the 40 ft horizontal section of the hose. It was surmised
that the system air velocity for this simulant was insufficient or that the
hose length/configuration exceeded the system capacity. Samples were

= collected from the hose and hopper (see Figure 2).

NOTE: At this point the water injection system was evaluated and it was
decided that more water volume was required. The system was modified by
changing the 1/4 in. valve to a 3/8 in. size and also changing the 1/4 in.

ti tubing to 3/8 in. tubing. This results in an approximate 2x increase in
water volume. Test #2 was not repeated with the new water injection system,
but the expected results were obtained in test #3.

4.3 RESULTS OF TEST 3

4.3.1 Test #3A

Test conditions: 50 feet of horizontal hose with the 3/8 in. Water
injection system utilized. The test setup was configured with one 360° loop
and three 90° bends in the hose. Again the conveying rate was not increased
but the rate at which the slugs moved through the hose was improved. Half
of a drum was conveyed, at this point the system was secured and the hose
inspected. There was virtually no material hold up on the walls of the
hose. The maximum observed vacuum reading was 12 in. Hg, during this test.
See Figure 2.
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4.3.2 Test #38

Test conditions: 100 ft of horizontal hose with the 3/8 in. water
injection system utilized. The test setup was configured with three 360°
loops and three 90° bends in the hose. The conveying rate was the same as
that of test 3A. One and one half drums of simulant were conveyed with
virtually no material hold up on the hose walls. The hose condition appeared
the same as in test 3A. The maximum observed vacuum reading was 14/14.5 in.
Hg during the test. See Figure 2.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Cr.

^

,f.

The air conveyance system proved to be an effective method for
retrieving simulated sludge. The system that was tested was somewhat small
in size, (capacity), for some of the tests performed, but showed that the
technology is a sound option for waste retrieval with some modifications to
the basic design. No conveying rates were established due to the nature of
the sludge, and to some extent, the heavy hose and operator fatigue during
the test program.

It became obvious during testing that a water injection system is
imperative to prevent hose plugging while conveying undiluted sludge. The
amount of water required and at what point it is injected into the system is
a matter of conjecture. It is Remote Systems Engineering's recommendation
that a system utilizing a water injection device at the feed nozzle and
additional injection units placed along the hose runs will be necessary.
Future testing of a system with a larger capacity and water injection should
be tested. Also, testing of a device that will locally dislodge (fluidize)
the sludge to facilitate its pick-up by the air conveyance system should be
developed.

6.0 DISPOSITION OF THE TEST ITEM

The model 240 Hi-Vac equipment was a rental unit and was returned to
the vendor upon completion of the testing program. The hose and miscellaneous
fittings were excessed at the completion of the testing program. The simulant
was returned to the Chemical Engineering Lab, Bldg 2703-E/200E Area of the
Hanford Site for storage/disposal.
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200 Senes HI-Vaa an Me
moffi versatile modela. They
can be used in au otths
patabb. Stabonary and
trailer configurations shown
onlMbackpage. '

DESCRIPTION
4p0 Senes HI-Vacs can be
used w,m larger nose dla-
metenand nare more cloth
filt9r ama for bCtmf Bl7aaon
cllaratlensaCa with wry
8ne, powdery materials
They can be used In all of
the portable, statlonar%
anotraaerconfiguratlons
snown on the back page.

DESCRIPTION
500 Series HI-Vacv incor-
poratea I cubicmeter
colieo8on hopper With a
bottom alscharge gate.
SeveralconRgurationsare
arailable inCluding a trader
unit (shown With aouanal 5'
hydraulic lift on the a011etr
5on Iwpperl. tnytk mounted,
andstaaanaryumt6 .

DESCRIPTION
2000 Senes HI-Veps are
aesignea tar high wlume or
long dlstance conveying.
They'roavailableasa
staBpnary vacuum wnh a
variery ot bcttem-discnarge
hoppers or wim a special
Vader and hopoer

:..:ig^r.:i+.
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' mmHg)"
n wcam

STANDARD FEATURES
18' Hg (457 mm Hg)"
matlmum wctlon

Elecbfc motar with 1.15
saMco facYor

Auafmatlc bag shaker
Btcken bag detnctor
Solid atate conucl panel

With fa8•sala protacUon
syatams

STANDARD FEATURES
18' Hg (457 mm Hg)^
maumum wcoon

Automatlc ba9 shaker
Dleselengine
35.3 Rs (1 m+) collection
hopperwM bottom
discnatgegate

STANDARD FEATURES
18'Hg (457 mm Hg)"
mavmum suction
Arotle12200:22*Hg"

Deettic mator with 1.15
saNlcelactor

Autometta ba9 snaker

Broken bag detector

SClid stite control panel
With tml-safa systems

vruuna
OImN.IP, argas enginea
Sound enalown
HEPA fittratlon system
E1Wlasian-prcofconbcla"'
HI temp.opemtlan package

,:ali 'i;G.,. ;

g 1^

- 1-ar+yamm.-I

OPTIONS
Dleael.lP.ar9asetpines •aA o

I
Saund endowre p•t
HFPAAItr'aUonsYetem - ;n+

HI temp. operaaon package
CcntlnuouafilterGeaning
Expkmian-prGGfCOntNla"'

Epo>,ycoaangformrrosives ^•rrtm.m^.•-)T ^-r.•nzm..-^
Otherfeaturesaveilableto rrtremmwt

9ultspeG6Capplicaaons '0w•n̂^ea^

OPTIONS

Sound enGowre
HEPA filtreuon system
tP.electnc.orgasengines
Hydrauliclitt/Cischargegate ii !
1251P(3.5m-) hopper
ConanuauafilterUeening
Fxplasian-proofcontrois'-
Fail-safe protection svstems
HitemP•operauonpaCkage I-a•r+tea.mmy 1--w•m+anvmn--0

OPTIONS
22'Hg (559 mmHg)"blower
OiesatLRorgaaeng:nea
Souna anUCaure
HEPA filtra9on system
Hltemp.aperaoonpackage
ContinuousfilterUeamng

5MI
Oy__

Esplosion-proofconeals^'
0therfeaturesavaAablefo ^--^za•+srxmm--^ ^-^e*+za^^^^-I

9uit speClfic applicathons

.m. ^Atsealevel. ••'Notavaadableonengine-dnveHl-VaCS.

. . ,.r _ . . . _ .. . . . . .. -. . . . . . . e . .
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6r"

l. •

r^a

^•.

ZN

1 Cubic Yard Hopper
Selt-GYmGng Wvgn

Savernu^mm
^t•rnemmm-)

Mwv'rrll^amm

114 & 2 Cubic Yard Hoppers
SeMdumpugGavgn

T4

-^t
• ^-a•r,,,epmm-'^

StW 3•p• Ie].mm,•.,,•Ip,e.^•.- p>zmm
]WwaCO^^^-:1]a,mm

In-Plant Trailers
2 Or 4 wne Na. Pn wmalM pr SpnC Iifa3

r.yo^

•^.n^`
`.

^0•r^x]Ifmm^

Highway Trailer
F9r IOxV,g al up t0 50 MPM

STA'fiLrif_.uiY tiOP'PEIxS
Bottom Discharge Hopper•

CGUntanwightWgatebrlnterminentCixnarge

12fPnpcotllpr]OOSanes
-- Ouenarqearrongement0pnan

-'-r

i=#
^ 3'g• -^ ripiimm^

I lbmll

MJxCIe

M•
94 mm
fW4YG

- i aa•ne,umm

Pinch Valve Hoppers

•fwJSGle in 501P lahownl or
70 p>wrvpna 11.4 ar O.aS m+l.
raOU ttr hopM[ wbtraa ,2'
(305 on from tpW heiynt

Rotary Valve Hopper'
Fer cpnunu0us ^arge

'-i-
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APPENDIX B

DATA SHEETS

a"'•

^..'

C?^
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DATA SHEET TEST #1
(Without Water)

TEST ENGINEERS: J. F. Thompson

Page _-1- of i

DATE: 8/15/90

D. T. Ruff

h.

,,.

SIMULANT VOLUME: 30 Gal (PER BARREL)

SIMULANT WEIGHT: 400 (PER BARREL)

SIMULANT DENSITY: 1.6 g/mL (99.8 lbs/ft3)

DESCRIPTION OF SIMULANT: The simulant can best be described as a cohesive,

yield pseudoplastic paste, and not a pourable slurry, light beige

in color.

STATIC CONDITION:

VACUUM (MANUFACTURERS SPECS): 4 in. Hg

rrv SCFM THROUGHPUT (MANUFACTURERS SPECS): 812 SCFM (static)

OBSERVATIONS IN STATIC CONDITION: Elevation = 42 ft-6 in.,

Hose Length = 50 ft. The simulant is located at the 0 ft-0 in.

location with the vacuum loader located at the 42 ft-6 in, location.

This is for vertical conveyance.

17
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DATA SHEET TEST #1, CONT'D
(With Water)

TEST ENGINEERS: J. F. Thompson

SIMULANT VOLUME:

Page __J_ of _1_

DATE: 8/17/90

D. T. Ruff

30 Gal (PER BARREL)

SIMULANT WEIGHT: 400 (PER BARREL)

SIMULANT DENSITY: 1.6 g/mL

DESCRIPTION OF SIMULANT: The simulant can best be described as a cohesive,

yield pseudoplastic paste, and not a pourable slurry, light beige in

color.

STATIC CONDITION:

VACUUM (MANUFACTURERS SPECS): 4 in. Hg

SCFM THROUGHPUT (MANUFACTURERS SPECS): 812 SCFM (static)

OBSERVATIONS IN STATIC CONDITION: Elevation = 42 ft-6 in.,

Hose Length = 50 ft. The simulant is located at the 0 ft-0 in.

location with the vacuum loader located at the 42 ft-6 in. lotation.

This is for vertical conveyance with a water injection system in use.

18
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DATA SHEET TEST #2 Page 1, of 1

TEST ENGINEERS: J. F. Thompson DATE: 8/21/90

D. T. Ruff

SIMULANT VOLUME: 30 Gal (PER BARREL)

SIMULANT WEIGHT: 400 (PER BARREL)

SIMULANT DENSITY: 1.6 g/mL
r•1

DESCRIPTION OF SIMULANT: The simulant can best be described as a cohesive,

r^

yield pseudoplastic paste , and not a pourable slurry , light beige

^^.
in color.

STATIC CONDITION:

VACUUM (MANUFACTURERS SPECS): 8 in. Hg

ro SCFM THROUGHPUT (MANUFACTURERS SPECS): 812 SCFM (static)

OBSERVATIONS IN STATIC CONDITION: Elevation = 60 ft-0 in.,

Hose Length = 100 ft. The water injection system is in use. The

simulant is located at the lower elevation and the vacuum loader is

located at the upper elevation. The hose run is as follows: 60 ft
vertical, 40 ft horizontal with a 180° bend. The horizontal hose run

is located at the upper elevation.
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DATA SHEET TEST #3B

TEST ENGINEERS: J. F. Thompson

Page 1 of 1

DATE: 8/22/90

D. T. Ruff

r-.

^

SIMULANT VOLUME: 30 Gal (PER BARREL)

SIMULANT WEIGHT: 400 (PER BARREL)

SIMULANT DENSITY: 1.6 o/mL

DESCRIPTION OF SIMULANT: The simulant can best be described as a cohesive,

yield pseudoplastic paste, and not a pourable slurrv, light beige

in color.

STATIC CONDITION:

VACUUM (MANUFACTURERS SPECS): 8 in. yy

SCFM THROUGHPUT (MANUFACTURERS SPECS): 812 SCFM (static)

OBSERVATIONS IN STATIC CONDITION: Elevation = 0 ft-O in. (horizontal

test) , Hose Length = 100 ft with three 360° loops and three 90° bends in

hose. The larger water injection system is in use.
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DATA SHEET TEST #3A Page 1 of 1

TEST ENGINEERS: J. F. Thompson DATE: 8/22/90

D. T. Ruff

SIMULANT VOLUME: 30 Gal (PER BARREL)

SIMULANT WEIGHT: 400 (PER BARREL)

SIMULANT DENSITY: 1 . 6 y/mL

t

,. DESCRIPTION OF SIMULANT: The simulant can tiest be described as a cohesive,

^
yield pseudoplastic paste, and not a pourable slurry, light beige

'(" in col

STATIC CONDITION:

VACUUM (MANUFACTURERS SPECS): 7 in. Hg

SCFM THROUGHPUT (MANUFACTURERS SPECS): 812 SCFM (static)

OBSERVATIONS IN STATIC CONDITION: Elevation = 0 ft-0 in. (horizontal

test), Hose Length = 50 ft with one 360° loop and three 90° ben d s.

A larger water injection system is being utilized.
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